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satisfy the need for accurate data. Phillip Morris Inter¬ 
national and R. J. Reynolds Tobacco Company, in co¬ 
operation with Japan Air Lines, has undertaken such 
measurements. The authors were enlisted to assist in 
carrying out this study: the first (JWD) to monitor the 
overall effort for unbiased, statistically reliable sam¬ 
pling and to coordinate certain technical aspects of the 
study regarding the use of computer-controlled sam¬ 
pling devices on scheduled flights, and the second (DEJ) 
to analyze the data. 

The study described is one of an ongoing series. We 
hope that these studies will become more detailed as 
more sophisticated measuring instruments ere devel¬ 
oped, and that they will furnish a basis for detailed dis¬ 
cussion of the issues involved. 

BACKGROUND 

Instrumentation 


T HE LEVEL OF environmental tobacco smoke 
(ETS) in passenger aircraft has been much dis¬ 
cussed, but few welt-documented measurements of it 
have been made. Indeed, the Committee on Airliner 
Cabin Air Quality of the National Research Council, 
writing in 1986, "found no published, peer-reviewed 
data on (ETS) concentrations in cabins." 1 In an effort to 


Tlui m»nu»cnpt w„ received for review in May 1988. The revised 
manuscript was accepted for publication in December 1988. 

Address reprint requests to Dr. John W. Drake, Transportation 
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1 Committee on Airliner Cabin Air Quality, Board on Environmen¬ 
tal Studies and Toxicology, Commission on Life Sciences. Nations! 
Research Council. The airliner cabin environment, air quality and 
safely. Washington. DC: National Academy Press. 1986. Pile 6. 
fThc NAS study committee apparently failed to locate a paper by 
Moiohiko Muwnatsu ri at., "Estimation of personal exposure to 
tobacco smoke with a newly developed nicotine personal monitor.” 
tnvironmrnja/ Jfrsrarrh 1965: 33;21S—27. which was referred. This 
paper does not describe it, detail, however, the conditions under 
1 Which his measurement! were made.) 


Prior efforts to survey exposures to ETS in working 
and living environments were handicapped by a lack of 
reasonably portable measuring instruments. A proto- 
lypc (portable air sampling system, PASS) was devel¬ 
oped, but measured vapor phase nicotine only. The in¬ 
strument consisted of a conventional attache case 
containing a battery-driven air pump which drew mea¬ 
sured quantities of air through a specially prepared tube 
which absorbed nicotine. 

The next generation of the instrument collected and 
measured respirable suspended panicles (RSP). and in¬ 
cluded a carbon monoxide (CO) monitoring system as 
well. The instrument was designed to separate and col¬ 
lect panicles smaller than 3.3 (am. Panicles associated 
with ETS have a mass median aerodynamic diameter of 
0.1 u.m with a geometric standard deviation of b. M tun. 

Sampled panicles are collected on pre-weighed fil¬ 
ters. RSP is quantified by the weight gain of the fillers. 
Ultraviolet particulate matter (UVPM), an Upper esti¬ 
mate of the contribution of ETS to RSP, is quantified by 
extracting the filters with methanol and measuring the 
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1 MILE I. AIRCRAFT HISTORIES AND LOAD FACTORS FOR THE STUDY'S 
FOUR FLIGHTS 
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90% 
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«i<* 

JAL 8 

JA Sift) 

22990 

- 200B 

JUN I98J 

Alweyi JAL 
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extract's absorbency of ultraviolet radiation. Nicotine is 
quantified by gas chromatography. The air pumps for 
the nicotine and RSP sampling systems are capable of 
maintaining (low rates of 1 and I L*min‘\ respec¬ 
tively. within ~S9c. The PASS unit also measures tem¬ 
perature and barometric pressure which permits correc¬ 
tions of ETS variables for the effects of altitude. 

Measurements 

The prototype instrument mentioned earlier was used 
in a 1985-1986 study of vapor phase nicotine in passen¬ 


ger cabins on relatively short U.S. domestic airline 
nights. That study 1 observed mean nicotine levels for 
samples acquired in non-smoking sections of 5.3 
ug* m" 3 . and 9.2 pg • m' \ respectively. Most of the 
measurements in that study were taken at boundary 
seats, accounting for the roughly 2:1 ratio of nicotine: 
the nicotine ratio in the current study, in which primar¬ 
ily non-boundary seats were chosen, was about 3:1. 
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AjRfvwtSwiT«iafLCwr#*CXM<u.«s 

rig. 1. Aircraft ventltotlen tyttwft. (Searcei *o*lf»g CmiMRltl Alrpl«Ml) 


In the present study, air samples were collected in 
several locations throughout the entire passenger cabin 
of B747-100s and -200s on long-range international 
flights using the PASS unit described earlier. 

Research Design 

Japan Air Lines (JAL) offered its cooperation for the 
present study, Air samples were collected on B747-IOO 
and -200 non-stop flights between New York and Tokyo 
(14 hj and connecting B747-200 non-stop flights between 
Tokyo and Hong Kong (5 h). 

Samples were collected on weekday flights. JAL per¬ 
sonnel represented that the load factors of the New 
York-Tokyo flights were typical (Table I). The PASS 
units continuously sampled the air on each flight. On the 
New Ycrk-Tokyo flights, each PASS unit collected two 
air samples of roughly half-flight duration. 

To avoid measurements that might underestimate ex¬ 
posures to ETS. sampling locations were selected from 
the non-window and non-bulkhead seats in the passen¬ 
ger cabin. The premise was that avoiding perimeter 


seats would maximize potential exposure to ETS by 
including seals which could possibly have a smoker on 
each side. 

Seats were randomly selected from the non-perimeter 
scats within each of the smoking and non-smoking sec¬ 
tions of all three classes of service. Six random se¬ 
quences of seats were produced, one for each class of 
smoking and non-smoking area. For each sequence, the 
first seat selected was the preferred sampling location. 
If that seat was unavailable, the second seat from the 
list was used, and so forth, until alt ten sampling instru¬ 
ments were assigned a scat in their proper areas, as 
shown in Fig. 1. 

Each PASS unit was placed upright in its seat and 
secured with a seatbelt fastened through the handle, 
litis upright position permitted samples to be collected 
as close as possible to the estimated breathing zone of a 
passenger. 

Cockpit and cabin crewmembers were briefed on the 
study design prior to each departure. They w«re advised 
that it would be necessary to obtain certain flight data 

Aviation. Space . anti Environmental Medicine - June. /PU0 533 


PM3006451551 


Source: https://www.industrydocuments.ucsf.edu/docs/slxj0001 



I 


'47 CABIN ETS COMPONENTS —DRAKE & JOHNSON 



fig. 1, *>r conditioning ttmporotwr* control lonoc. (Sowrcoi toolnf Commoricol Alrplonoi) 



and that cigarette butts would be collected at the con¬ 
clusion of each flight. All aircraft were fully cleaned by 
airline cabin service prior to boarding by the sampling 
team, and the team confirmed that ashtrays were 
empty. 

The In-Flight Sampling 

Two ETS measurements were collected by each of 
the ten PASS units on each of the New York-Tokyo and 
Tokyo-New York flights—one during the first half of 


the flight and one during the second half, The first mea¬ 
surement was started shortly after the aircraft doors 
were closed, and the second ended when the aircraft 
doors were opened upon arrival at the gate. On the 
Tokyo-Hong Kong flights, only one sample was col¬ 
lected by each PASS unit on each flight. 

Each PASS unit was continuously monitored by a 
member of the sampling team to avoid any shifting of or 
tampering with the unit during flight and to assure that 
each measurement began and ended properly. Each of 
the 10 members of the sampling team recorded their 
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flj. J. Ivrstory v*«Hlolton lytltm. (Swttn laving Commartlal alrytvnvi) 


observations of cabin activity, to accompany their in¬ 
strument's readings. 

Aircraft Ventilation System 

Though constructed at different times, the Boeing 
717-100 and -200 aircraft on which air samples were 
collected all incorporate air conditioning and ventilation 
systems of the same design. The aircraft for each flight, 
their histories, and load factors are shown in Table I. 

Air from the plenum chamber flows to particular air 
conditioning zones and may be recirculated within a 
given zone. Air is never recirculated from the cabin to 
the plenum chamber. The actual air conditioning zone 
distribution system and boundaries are shown in Fig. 2 
and 3. Station numbers (STAs) are expressed in inches 
from the aircraft's nose. For example. Zone 3 extends 
from 830 to 1.694 inches from the nose. 

As illustrated in Fig. 4, air flows from outlets high on 
the side walls toward the center, converges, and then 
flows down and back along the floor to the walls. There, 
air flow divides, with some going down through side 
vents into the lower cargo compartment and some rising 
to join the incoming air from the zone's ceiling-level 
ducts. 

Within the aircraft, air may move from one zone lo 
another as it flows to outflow valves. One vent system, 
which serves the lavatories, galleys and staircase, ex¬ 
hausts about 1,000 ft 5 • min* 1 (Fig. 5). The primary dis¬ 
charge route is through two outflow valves located in 
the aft ventral area of the fuselage. All remaining air in 
the passenger cabin reaches these valves by flowing into 
the sidewall grilles along the cabin floor and moving aft 
through the lower cargo compartment. In this way. 
when all three air conditioning packs are in operation air 
leaves the aircraft at a rate of 8.000 ft J -min*‘. Of 


course, a modest amount of air may be lost through 
minor leaks, primarily at door seals. 

Because the aircraft design causes air to be exhausted 
somewhat more rapidly through the floor-level grilles in 
the aft sections than through the floor-level grilles in the 
forward sections, there is some tendency for air move¬ 
ment within the cabin to be from front to rear, although 
this tendency is not pronounced. Thus, the general di¬ 
rection of air flow through the cabin is diagonal—that is. 
from ceiling to floor with a slight tendency to move from 
the front of the cabin to the rear (Fig. 6). 

During the flights in this study all three air condition¬ 
ing packs were operated continuously at full rate, 
throughout the flight. Thus, the maximum flow rate of 
air of 9,000 ft 3 « min* 1 through the cabin may be pre¬ 
sumed. since JAL crew; reported that the operation of 
the packs was set on automatic. 

Cabin Stating Configurations 

Seating configurations for the New York-Tokyo flight 
differed from those for the Tokyo-Hong Kong flight (see 
Fig. 1). As shown in this figure, classes may, in some 
cases, overlap air conditioning zones. The actual pas¬ 
senger loads for each section are shown in Table II. The 
flight times, both departure and duration are given as 
well. 

Data Instrumentation 

Nicotine was quantified with a method which is an 
enhancement of the method required by NIOSH ( 4 ) and 
described by Ogden et at. (6). Nicotine collected on 
XAD-4 resin is desorbed in 2 ml ethyl acetate containing 
0.01% (v/v) triethylamine. which serves to neutralize 
acidic sites on the surfaces of analytical glassware. 
Analyses were performed with a Model 5880A gas chro¬ 
matograph equipped with a nitrogen-phosphorus deiec- 
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Table ii flight times and passenger loads by 
SECTION FOR THE STUDY'S FOUR FLIGHTS 


Flight 

Local 

Dtp. 

Time 

Flight 

Duration 



Passenger Load 



Firsi 

Executive 

Economy 

(Hours) 

SMK 

NON 

SMK 

NON 

SMK 

NON 

1 

13:30 

13.5 

9 

11 

:b 

97 

16 

19 

i 

IK-4J 

3.75 

M 

IB 

13 

JJ 

»7 

14 J 


i: oo 

4 5 

7 

7 


50 

I2 - * 

79 

B 

17 00 

12.5 

:o 

7 

to 

29 

* 

>2 


tor (Hewlett-Packard, Avon. PA). Chromatography was 
accomplished on a 30 m x 0-53 mm inside diameter, 
fused silica capillary’ column coated with a 1.5 nm film 
of DB-5 (59c phenyl meihylpolysiloxane. obtained from 
J&W Scientific, Inc.) where quinoline was employed as 
an internal standard. For each sampie, the front and 
rear segments of XAD-4 resin were analyzed in order to 
assess breakthrough, of which none was observed in 
this case. Desorption efficiency was quantified accord¬ 
ing to the procedure associated with the NIOSH 
method. 

RSP was quantified gravimetrically according to a 
method derived from the one described by Treilman, tt 
a!, (7). Filters and samples are conditioned at room tem¬ 
perature and 50% relative humidity for at least 12 h 
before both sampling and final analysis. Static charges 


are removed by holding fibers and samples under an 
antistatic device for at least I min prior to each weigh¬ 
ing. Weights arc measured with a balance having a read¬ 
ability of I |ig. An antistatic device also is attached to an 
interior wail of the balance. Each gravimetric result is 
the mean of at least five separate weighings. 

UVPM was quantified by the method described by 
Conner et at. (1). This method uses the same samples as 
the method for determining RSP. Accordingly, after 
RSO is quantified, the sample is extracted with 4 ml 
methanol and a 50 p.1 aliquot is injected into a column¬ 
less liquid chromatographic system equipped with an 
ultraviolet detector measuring absorption at 325 nm. 
Masses of UVPM are then interpreted with a standard 
calibration curve derived from generating known con¬ 
centrations of ETS in an environmental chamber (2). 
For the work reported here, methanolic solutions of 
2,2'.4.4'-tetrahydroxybenzophenone (Aldrich, Milwau¬ 
kee. WI) were employed as secondary standards. Inge* 
brelhsen, tt al. (3) have shown that results from methods 
employed for determining RSP and UVPM are unbiased 
relative to results from piezoelectric balances. Ogden 
and Connor (5) have reported results of collaborative 
tests of the methods for determining NIC, RSP, and 
UVPM. The measurements of UVPM made in this 
study were occasionally greater than those for RSP, 
which is contradiciory, as Ultra Violet Respirable par¬ 
ticles should be a subset of RSP, and thus never greater. 
In all such cases, therefore, the RSP value was substi- 


TABLE III. Data FROM THE ENVIRONMENTAL TOBACCO SMOKE TESTS IN ECONOMY CLASS ON JAPAN AIRLINES 
FLIGHTS. 2 AND 10 DECEMBER 1987. (SEAT LOCATIONS AND CIGARETTES PER MINUTE ARE COMPUTED.) 


SEAT LOCATION 

~~ PAD 

TO 

1ST AC CGRTS 

JAL PASS VS. A/C T ■* CG SAMP SMOKED ClGS AVG. CORK 


flt jnst 
NO. NO 

:nd 

SAMP SEC. 

seat pack 
NO. ZONE 

FROM 

REAR 

FROM 

CLASSGG 

OR 

NS 

time 

min 

JN 

SECTION 

PER 

MIN 

cabin 

ALT. 

NIC 
u.g • m' 

RSP 
m • m’ 

UVPM 
W m'' 

UVPM 
M * m* 

1 

8 

\ 

NS 

42B 

3 

37 

31 

23 

293 



6.000 

0.1 

3 

12 

3 

8 

12 


NS 

50C 

4 

23 

♦6 

28 

373 



3.500 

2.2 

9 

to 

9 

5 

1 

| 

NS 

54C 

4 

17 

-26 

34 

420 



4.200 

3.8 

2 

3 

2 

■5 

12 

1 

NS 

3*G 

3 

43 

31 

8 

203 



5.800 

4.6 

35 

18 

IB 

5 

t 

■> 

NS 

54C 

4 

17 

- 26 

34 

J70 



6.100 

3.7 

7 

13 

7 

8 

12 

1 

NS 

50C 

4 

23 

46 

26 

337 



3.000 

4.6 

3 

J 

3 

1 

19 

1 

NS 

33D 

3 

34 

102 

8 

300 



6.000 

124 

98 

30 

30 

B 

7 

1 

NS 

51F 

4 

22 

34 

28 

347 



5.000 

NA* 

8 

11 

8 

-i 

7 

| 

NS 

4]G 

3 

3! 

33 

24 

193 



3,800 

NA* 

5 

9 

J 

s 

7 

2 

NS 

JIF 

4 

22 

34 

28 

380 



3.500 

NA* 

*1 

J 

2 

5 

12 

> 

NS 

51C 

4 

2> 

39 

29 

363 



6.100 

NA* 

24 

22 

22 

< 

12 

1 

NS 

J1C 

4 

22 

39 

29 

420 



4.200 

NA* 

j 

s 

■, 

$ 

A 

2 

S 

37D 

4 

I: 

-26 

4 

372 

54 

0.15 

6.100 

NA* 

23 

28 

23 

| 

17 

1 

s 

57D 

4 

ii 

-38 

7 

289 

t72 

0.60 

6.000 

257 

119 

18 

88 

3 

4 

I 

s 

37D 

4 

i: 

-26 

4 

420 

82 

0.19 

4.200 

NA* 

32 

19 

19 

S 

16 

2 

s 

53B 

4 

16 

-33 

l 

373 

12 

0.03 

5.500 

1.8 

3 

11 

3 

3 

5 

I 

s 

JSC 

4 

ii 

-44 

6 

421 

82 

0.19 

4.200 

NA* 

35 

39 

35 

1 

n 

1 

S 

37D 

4 

12 

-26 

4 

330 

12 

003 

5.000 

4.3 

3 

U 

3 

2 

8 

1 

s 

33 B 

4 

18 

-30 

1 

202 

263 

1.31 

5.8SO 

42.7 

185 

113 

m 

1 

16 

1 

s 

JJB 

4 

16 

-33 

1 

360 

12 

003 

5.000 

39 

26 

9 

9 

J 

5 

2 

s 

J8C 

4 

II 

- 44 

6 

365 

34 

0.15 

6.100 

NA* 

3 

33 

3 

t 

n 


s 

57D 

4 

12 

-26 

4 

364 

12 

0.03 

5.500 

1.8 

30 

6 

6 


4 

\ 

s 

56F 

4 

14 

-51 

J 

203 

263 

1.29 

5,800 

NA* 

31 

65 

31 

1 

1 

1 

s 

JJF 

4 

13 

— 46 

4 

294 

172 

0.39 

6.000 

31-4 

59 

72 

59 


• Data items for which the PASS urul pump flow i-tcs were found, in posl-lett calibration lo be out of tolerance by^10%. The** d»u points 
were ignored in the suusticai analysis. 
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table iv v ariables lsed in the statistical analysis. 


Variables 

S‘mtvl 

DcfmstioQ 

FLIGHT 

FLT 

Flight Number 

Sample 

SAMPLE 

Sampling Penod fasiigned values 1 or 
:> 

CLasi Of Passenger Service: 0 - Firil 
Clan. 1 * Busmen. 2 » Economy 

class 

CL5 

SMOKING 

SMILING 

Smoking or Non-smoking: 0 • 

Smoking, 1 • Non-smoking 

NICOTINE 

NIC 

Nicotine per cubic meter in mrcrogrami 
per curie meter fug * m" *1 

RESPIRABLE PARIICLES 

RP 

Respirable suspended particles in 
microtrams per curie meter 
(pg-m*’) 

ULTRAVIOLET particulate 
MATTER 

UVPM 

Ultraviolet paniculate matter in 
mtcroframs per cubic meter 
tut ■ m~’> 

CORRECTED ULTRAVIOLET 

CORR 

RP or UVMP which ever it least 

particulate matter 

UVMP 

* m ~ 

distance from rear 

DISTI 

Distance from the mr cabin bulkhc«l 
expressed as a perccaiife of the 
cabin length to the forward bulkhead. 
The upper lobe of the cabui wm* 
treated as fonvird of the forward 
bulkhead; i.t.. having distances 
greater than 100%. 

distance from 

CLA5S CG 

DIST7 

Distance (tom the center of gravity of 
the Class (First. Business, or 
Economy, respectively), expressed 
as t percentage of the class length, 
aft it negative, forward positive. 

DISTANCE FWD 

TO AC CG 

OR NS 

DIST3 

Dii Lance forward to the center of 
gravity of the air conditioning toot 
or the rear rf the next nonsmoking 
section which ever comes Grit, 
expressed as a percentage of the 
cabin length. Ah distances are 
positive. 


tuted. The resulting series is that shown in Table III as 
CORRUVPM. Both the UVPM and CORRUVPM vari¬ 
ables should be viewed as experimental. Such measure¬ 
ments will have to be made under a wider variety of 
circumstances before their usefulness can be considered 
fully demonstrated. 

RESULTS 

Instrument Readings 

The measurements taken in Economy Class arc 
shown in Table Ill. This table illustrates various aspects 
of the measurements: 

• Two measurements were taken within smoking and 
non-smoking sections of Economy Class. The same 
numbers were taken in Business Class white one 
measurement was taken in each of the smoking and 
noa-smoking sections of First Class, 

• There were substantial variations in the number of 
cigarettes smoked on various flights. There were 
also substantial variations between classes. 

• There are clear relationships between the NIC. 
RSP, and CORRUVPM data and the number of cig¬ 
arettes smoked per minute. 

a There are also distinct relationships between the 
ETS measure and seat location relative to the rear 


bulkhead, class center of gravity, or air condition¬ 
ing zone. 

• There are no apparent differences between the first 
and second sample periods on the New York- 
Toyko or Tokyo-New York flights. 

There are no reported CO readings. A significant 
number of PASS units displayed small negative readings 
of CO. At first it was believed that this might be a minor 
calibration error. However, after the flights were com¬ 
pleted, further study revealed that the problem was 
more fundamental: the CO sensor proved susceptible to 
changes in cabin pressure altitude (from sea level to as 
high as 8,500 ft) in an unpredictable way. Thus, it was 
impractical to recover userid CO data for any of these 
flights. Sensors working on different principles are now 
being evaluated for future use. 

In addition, certain PASS unit pumps were found, 
when calibrated at the end of each day, to have been 
pumping outside the tolerance of x 1096 of their in¬ 
tended air volumes. These values are marled with an 
asterisk in Table HI and were not included in the anal¬ 
yses. Most of these pump* were running slowly. Upon 
later disassembly, severe] pumps were found to have 
glass fragments inside. These glass fragments were al¬ 
most certainly produced by the breaking off of the nic¬ 
otine sampling tube tips at the start of runs. Without 
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TABLE V COMPARISON OF RF.SH.TS FOR F.TS IN SMOKING VS 
NON SMOKING SECTIONS. 
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TABLE VI. COMPARISON OF SMOKING VS NON SMOKING 
AS DISTINCT FROM FARK CLASS. 


Reipome 

Effect 

Corr F 


NIC 

CLS 

in: 

n ::i7 


SMKNG 

V M 

0 1X114 


CLS*SMKNG 

0 M 

l) 5111 

RP 

CLS 

0 '« 

(1 4212 


SMKNG 

ft Ml 

11 o«w> 


C'LS«SMKNG 

II11 

0 ft II3 4 

CORRUVPM 

CLS 

1 Ift 

o iioft 


SMKNG 

ft M, 

0 (X*<9 


C1.S*SMKNG 

Oil 

0 ftfinn 


tapping out possible shards before placing the opened 
glass tube in ihc rubber tubing leading to the pump, 
these fragments could then enter the pumps in question 
and contribute to their reduced performance. 

Data Analysis 

There are two things which one may auempi to do, 
statistically, in investigations such as this: I) demon¬ 
strate that there are or are not significant differences in 
levels of ETS variables as a function of various inde¬ 
pendent variables; and 2) attempt to explain the differ¬ 
ences. if found. Both are attempted here, though expla¬ 
nation of the variations is. as discussed below, made 


difficult by the presence of three major sources of vari¬ 
ability in the data, making it "messy" in a technical 
sense. 

The question addressed first in this analysis pertains 
to the observed levels of ETS components within the 
smoking and non-smoking sections of each class. The 
variables analyzed are described in Table ]V, 

F.TS Component Levels 

The six measured flight portions were considered to 
represent six Independent flight segments. The infer¬ 
ences which can be made from the data apply only to 
these six flight segments and one cannot, at this time, 
statistically guarantee that similar results would be 
found in other long-range flights. 

Statistical analysis of the data is quite complex be¬ 
cause it must address major sources of variability aris- 
ing from the nesting structure of the sampling plan. The 
sources of variability are: I) samples among aircraft and 
sampling periods; 2) samples among sections and 
classes nested within the same flight segment; and 3) 
samples among seats nested within (he same section of 
the same flight segment. The first of these sources of 
variability can be ignored, since our inferences relate to 
these six flight segments only. 

Table V gives estimated means, their estimated stan¬ 
dard errors, and lower and upper 93% confidence limits 


TABLE VII. REGRESSION MODELS USED IN ANALYSIS. 
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for the expected mean levels of ETS components in the 
smoking and non-smoking sections for ail classes com¬ 
bined. All classes can be combined since there was no 
significant SMKJNGeCLS interaction observed. A p- 
value for testing differences between smoking and non¬ 
smoking sections of the aircraft on each measured re¬ 
sponse is also provided. 

Table VI gives F- values and p-values for Class (CLS), 
Smoking (SMKING), and for Class-by-Smoking inter¬ 
action (CLS»SMKJNG) effects using analysis of vari¬ 
ance methods. Note that interactions were not signifi¬ 


cant for any of the measured variables, and that no 
significant differences were observed between classes 
of service. Significant differences observed were be¬ 
tween smoking and non-smoldng sections only, and 
these differences are independent of class of service. 

Explanation by Model 

The neat part of this analysis addresses the question 
of whether a model can be found which will explain the 
differences which have been found. Multiple regression 
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methods were applied to ihe data while being sure to 
recognize Ihe nested structure of the sampling scheme 
as discussed earlier, It is extremely important to ac¬ 
count for the nested error structure in order to avoid 
finding erroneous models which attempt to explain the 
noise in the data rather than the real and important ef¬ 
fects. 

As a first step, a multiple regression model, which 
included ail non-ETS variables which hod been mea¬ 
led, was fit for each ETS variable. The variables con¬ 
sidered as explanatory variables were; the length of the 
night (TYPE), the number of cigarettes smoked per 


minute In each section (CIO), the section of the aircraft 
sampled (CLASS and SMKINC), the air conditioning 
zone (ACZQNE), the distance from ihe PASS unit to 
the rear of the bulkhead in terms of the percent of length 
of the aircraft (DIST1), the dislance from the PASS unit 
to the center of its class (DJST2). and the distance from 
the PASS unit forward to the center of the air condi¬ 
tioning zone or forward to the rear of the next non¬ 
smoking section, whichever came first (DIST3). See 
Fig. 7 for location of air conditioning zone boundaries. 
Two factors can be Identified which clearly influenced 
the level of ETS components measured; the smoking 
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rule in lerms of cigurettes per minute, und It'e distances 
mentioned The Tir'd of the abose influence'' wax ex¬ 
pected. The latter are not unexpected. briefly -luted. it 
may be said that a careful examination of the coeffi¬ 
cients of the models suggests that I) ETS levels are 
greater m smoking sections than non-smoking and 21 are 
greater toward the rear of sections than the front. There 
are two exceptions to the laiier: Nicotine in Economy 
non-smokmg. which may be atTocted by the lact that 
some smoking went on in this non-smoking section, and 
Respirable particles in First Class non-smoking, which 
may have been affected by the fact that the two aircraft 
configurations placed the sample points on different 
decks; i.e.. in one case on the main deck, and in the 
other in the upper lobe, behind the cockpit tsee Fig. I). 
The final regression models obtained are outlined in Ta¬ 
ble VII. Those for nicotine, which may be plotted in 
three dimensions, are shown in Fig. 8. 

CONCLUSIONS 

What might we conclude from these *47 measure¬ 
ments'. 1 

• We can confirm that on-board measurements of 
NIC ana RSPare now practical in normal passenger 
service. 

• NIC levels varied in the aircraft (from lows of about 
0.1 og • m' ! to highs of 12 to 50 ug ■ m*’), but 
corresponded well with the smoking/non-smoking 
designations. 

• RSP followed similar patterns, tending to confirm 
the quality of the measurement techniques. 

• There was no statistical difference in the levels of 
ETS among classes. 

The variables involved in studying ETS components 
in an airline passenger cabin make accurate statistical 
analyses of the air sample measurements a challenging 
task. The results reported here do not represent all thal 
may be gleaned from the data; further analysis of the 
data is likely to generate additional insights. Moreover, 
it is clear that further studies, involving more flights, in 


conjunction with furthet potential development of the 
instrumentation, will yield even more useful data. 

EPILOGUE 

Subsequent to these measurements, further tests 
w-cre carried out aboard DC-9 flights of 5AS. These 
have been reported on by Malmfors, Thorbum. and 
Westlin. "Air Quality in Passenger Cabins of DC-9 and 
MD-80 Aircraft." Environmental Technology Letters. 
Publications Division Selper Ltd., 1989, Vol. 10. pp. 
M3-28. 
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